Abstract-Two kinds of electrical stimulation, low frequency stimulation (5 Hz, 1 msec, 5 pulses, every 20 sec) and high frequency stimulation (30 Hz, 0.1 msec, 20 pulses, every 20 sec), produced contractions in isolated guinea-pig vas deferens. These responses were blocked by a, 3-methylene-ATP, but not prazosin. Phen tolamine potentiated the contractions produced by low frequency stimulation, while it had little or no effect on the contractions produced by high frequency stimulation. The effect of 5-methoxy-N,N-dimethyltryptamine (5-McODMT), a potent short acting hallucinogen, on the contractile response to two kinds of electrical stimulation was examined. On the contraction produced by low fre quency stimulation, 5-McODMT showed a biphasic action. 5-McODMT at concen trations of 3x10-8-10-6 M reduced the contractile response. 5-MeODMT at con centrations of 3 x 10-6-2x10-5 M potentiated the contractile response, and this potentiation was reversed by prazosin and ketanserin. Clonidine caused an inhibition of the contractile response to low frequency stimulation. This action of clonidine was reversed by 5-McODMT. The reverse action of 5-McODMT was greatly inhibited in the presence of prazosin and ketanserin. The results suggest that 5-McODMT exerts two different kinds of modification on the con tractile response to low frequency stimulation of isolated guinea-pig vas deferens: in one type of modification, 5-McODMT at concentrations higher than 3x10-s M exerts an action similar to that of 5-hydroxytryptamine on postganglionic sympa thetic nerve terminals and reduces the release of transmitter presynaptically, and in the other type, 5-McODMT at concentrations higher than 3x10-6 M causes the release of noradrenaline from postganglionic sympathetic nerve terminals.
tolamine potentiated the contractions produced by low frequency stimulation, while it had little or no effect on the contractions produced by high frequency stimulation. The effect of 5-methoxy-N,N-dimethyltryptamine (5-McODMT), a potent short acting hallucinogen, on the contractile response to two kinds of electrical stimulation was examined. On the contraction produced by low fre quency stimulation, 5-McODMT showed a biphasic action. 5-McODMT at concen trations of 3x10-8-10-6 M reduced the contractile response. 5-MeODMT at con centrations of 3 x 10-6-2x10-5 M potentiated the contractile response, and this potentiation was reversed by prazosin and ketanserin. Clonidine caused an inhibition of the contractile response to low frequency stimulation. This action of clonidine was reversed by 5-McODMT. The reverse action of 5-McODMT was greatly inhibited in the presence of prazosin and ketanserin. The results suggest that 5-McODMT exerts two different kinds of modification on the con tractile response to low frequency stimulation of isolated guinea-pig vas deferens: in one type of modification, 5-McODMT at concentrations higher than 3x10-s M exerts an action similar to that of 5-hydroxytryptamine on postganglionic sympa thetic nerve terminals and reduces the release of transmitter presynaptically, and in the other type, 5-McODMT at concentrations higher than 3x10-6 M causes the release of noradrenaline from postganglionic sympathetic nerve terminals.
5-Methoxy-N,N-dimethyltryptamine
(5 McODMT) has been found to have a potent and short acting hallucinogenic activity in humans. It has been revealed that in the central nervous system, 5-McODMT pro duced a dose-dependent decrease in the discharge rate of serotonin-containing neurons on the raphe unit of rats and cats (1) (2) (3) . In the study by microiontophoresis on single neurons in the brain stem of rats and cats, 5-McODMT has been shown to specifically antagonize 5-hydroxytryptamine (5-HT) excitation of single neurons and to mimic the actions of 5-HT on neurons, although it was less active than 5-HT (4). These findings suggest that 5-McODMT has some synaptic effects in the central nervous system.
In the preceding study (5) , it has been indicated that in isolated vas deferens of the guinea-pig, 5-HT reduced contractile responses to low frequency stumulation (5 Hz) and potentiated contractile responses to high frequency stimulation (30 Hz). These findings suggest that the inhibitory and potentiating actions of 5-HT are presynaptic and postsynaptic, respectively, in neuro effector transmission of the vas deferens. In the present study, we investigated the action of 5-MeODMT, using isolated guinea-pig vas deferens, on the contractile responses to low and high frequency electrical stimulation and compared its effect with that of 5-HT.
Materials and Methods
The whole vas deferens was removed from male guinea-pigs weighing from 350 to 400 g and mounted in an organ bath under 500 mg tension in Tyrode's solution, main tained at 32'C and bubbled with 5% C02 in 02. The composition of Tyrode's solution (mM) was NaCI, 137.0; KCI, 2.7; CaC12, 1.8; MgC12, 1.1 ; NaH2PO4, 0.4; NaHC03, 12.0; glucose, 5.6. Contractile responses were measured using an isotonic transducer (TD-112S, Nihon Kohden) and were dis played on a chart recorder.
The preparations were stimulated with square wave pulses from an electronic stimulator (SEN-1101) with an isolator unit (SS-101J, Nihon Kohden). Two platinum ring electrodes were placed around the prostatic end of the muscle where the motor nerves enter the tissue. Low frequency stimulation consisting of 5 Hz, 1.0 msec, 5 pulses, and supramaximal voltage was applied at a 20 sec interval. Contractions elicited by this stimulation were magnified five-fold by an amplifier. High frequency stimulat, n consisting of 30 Hz, 0.1 msec, 20 pulses, and supramaximal voltage was applied at a 20 sec interval. Contractions elicited by this stimulation were magnified two-fold by an amplifier.
In this study, the sucrose gap technique also was used. The details of the procedure have been described in the preceding report (5) .
The following drugs were used and their concentrations were expressed as molar in the experiments: prazosin hydrochloride (Pfizer Taito), a,/9-methylene-ATP (Sigma), phentolamine mesylate (Takeda Yakuhin), 5 methoxy N,N-dimethyltryptamine (Sigma), cyproheptadine hydrochloride (Sigma), ke tanserin tartrate (Janssen-Kyowa), clonidine hydrochloride (Boehringer Sohn), atropine sulphate (Nakarai), propranolol hydro chloride (Sumitomo), and 5-hydroxytryp tamine creatinine sulfate (Wako).
Results
Effects of prazosin, a,,8-methylene-ATP and phentolamine on contractile responses to low and high frequency stimulations: The experiments shown in Fig. 1 were carried out on both sides of the vas deferens isolated from an animal. One of them was used as the preparation for low frequency stimulation (the left side traces), and the other was used as the preparation for high frequency stimu lation (the right side traces). The con tractions produced by low and high frequency stimulations were not affected by an a, adrenoceptor antagonist, prazosin (3x10-6 M) (the upper traces). After stimulation for 5 min, a P2-purinoceptor desensitizer, a,j3 methylene-ATP (3X10-6 M), was applied to the preparations, and this agent caused a transient monophasic contraction. When the contraction returned to baseline, the pre parations were stimulated by both frequency stimulations again, but no contraction appeared (the middle traces). By washing the preparations with Tyrode's solution for 40 min, the contraction was restored. Phen tolamine (6X10-5 M) greatly potentiated contractile responses to low frequency stimu lation, and this potentiation appeared also in the presence of prazosin (3X10-6 M) and ketanserin (10-6 M), while phentolamine did not affect contractile resposes to high fre quency stimulation. The same experiments were undertaken in preparations from several animals, and effects of these three drugs on contractile responses to both frequency stimulations were of similar pattern.
Effects of 5-MeODMT on contractile responses to low and high frequency stimu lations: 5-MeODMT at a concentration of 3x10-7 M produced a reduction in con tractile responses of the guinea-pig vas deferens to low frequency stimulation (Fig.  2 , the upper traces). The threshold concen tration for this reduction was approximately 3X10-8 M. The rate of the inhibitory action of 5-MeODMT at 10-6 M was less than that at 3x10-7 M. The maximum inhibition obtained at 3X10-7 M was 29.2±7.5% (n=10) (Fig. 3) . The inhibited contractile responses did not recover rapidly after the tissue was washed with 5-MeODMT-free Tyrode's solution. In contrast, 5-MeODMT at concentrations higher than 3x10-6 M produced a potentiation; and at concen trations higher than 3x10-5 M, it induced spontaneous activity. The potentiated con tractile responses recovered for a few minutes after the tissue was washed with 5 MeODMT-free Tyrode's solution. At a con centration of 10-5 M, 5-McODMT potentiated the size of contractions to 199.5+13.6% of the control level (n=10) (Fig. 3) .
On contractile responses to high frequency stimulation, 5-MeODMT at concentrations of 3x10-7 and 10-5 M had no inhibitory and potentiating effects (Fig. 2, the lower traces) .
Effects of 5-MeODMT and 5-HT on cyproheptadine-induced potentiation of con tractile responses to low frequency stimu lation: Cyproheptadine (10-5 M) greatly potentiated contractile responses to low frequency stimulation (Fig. 4) . This poten tiation appeared in the presence of prazosin (3X10-6 M) and ketanserin (10-5 M). 5 MeODMT (10-5 M) (the upper trace) and 5-HT (3X10-5 M) (the lower trace) inhibited cyproheptadine-induced potentiation of con tractile responses to low frequency stimu lation. These inhibitions were concentration dependent at concentrations ranging from 3x10-7 to 3x10-5 M, but these agents never reduced contractions below the control level even at the maximal concentration used . Effects of a, -adrenergic blocking agents on the 5-MeODMT-induced potentiation of contractile responses to low frequency stimulation:
ai -Adrenergic blocking agents, prazosin and ketanserin, prevented the 5 McODMT-induced potentiation of con tractile responses to low frequency stimu lation ( Fig. 5A and 5B). In the presence of prazosin (3X10-6 M) and ketanserin (10-6 M), the potentiating action of 5-MeODMT was abolished completely and the reduction of contractile responses by 5-MeODMT appeared.
This reduction of contractile Contractile responses to low frequency stimulation were inhibited by an a2-adrenoceptor agonist, clonidine (10-8 M). This inhibition was reversed by 5 MeODMT (2X10-5 M) (Fig. 6 , the upper trace). However, in the presence of an a, adrenoceptor antagonist, prazosin (3x10-6 M) or ketanserin (3X10-6 M), the inhibitory action of clonidine was not reversed (Fig. 6 , the middle and lower traces). A muscarinic blocking agent, atropine, and a 3-adre noceptor antagonist, propranolol, did not obstruct the reverse action of 5-MeODMT (data not shown).
The effect of 5-MeODMT on the smooth muscle of guinea-pig vas deferens: The effect of 5-McODMT on the electrical response of guinea-pig vas deferens was investigated with the sucrose gap technique. 5-MeODMT in concentrations from 3x10-7 to 3x10-5 M had no effect on the smooth muscle. Within the range of these concentrations, 5 McODMT did not produce any contraction.
Discussion
In order to distinguish pre and postsy naptic actions of 5-MeODMT on neuro effector transmission in the guinea-pig vas deferens, two kinds of electrical stimulation, low and high frequency stimulations, were used in this study. From the results of the preceeding study (5) , it is evident that the contractions produced by both frequency stimulations were mediated by activation of postganglionic sympathetic nerves. Therefore, the characteristics of transmitters which produce contractile responses to both frequency stimulation were examined.
Contractions produced by both frequency stimulations were not affected by an al adrenoceptor antagonist, prazosin, but abolished by a,Q-methylene-ATP-induced selective desensitization of postjunctional P2 purinoceptors. These facts are consistent with recent findings concerning the neuro effector transmission in guinea-pig vas deferens (6) (7) (8) . It has been suggested that ATP acts as a cotransmitter with nor adrenaline (NA) in the motor innervation of guinea-pig vas deferens. The contractile response to field stimulation of the vas deferens has been so far divided into the first and second phases. Meldrum and Burnstock (6) have shown that in the presence of a.9-methylene-ATP, the first phase of the neurogenic contractile response in guinea-pig vas deferens is abolished, but the second phase is not reduced, supporting the idea that only the response of the first phase is purinergic. Furthermore, Sneddon et al. (7) have shown that in the presence of prazosin, the second phase of the neurogenic contractile response in guinea-pig vas deferens is reduced, but the first phase is not reduced. The ability of prazosin to reduce the second phase selectively implies that the neuroeffector transmission process involves al -adrenoceptor.
Generally, to elicit the response consisting of the first and second phases, a long stimu lation period and many pulses are required. For instance, Sneddon et al. (7) used the stimulation period for 30 sec and 480 pulses in their experiments using isolated guinea pig vas deferens. The stimulation period and pulses used in this study were short and few as compared with those used by them: in the case of low frequency stimulation, one sec period and 5 pulses, and in the case of high frequency stimulation, 0.66 sec period and 20 pulses. Therefore, contractile responses elicited by both frequency stimu lation are considered to belong to the first phase of responses obtained with long stimulation period and many pulses, and the results of experiments with prazosin and a,Q-methylene-ATP suggest that the trans mitter which mediates contractile responses to low and high frequency stimulations is ATP or a structurally related compound.
Phentolamine potentiated contractile responses to low frequency stimulation, but had little or no effect on contractile responses to high frequency stimulation. Since phen tolamine is a potent antagonist at both pre and postsynaptic a-adrenoceptors (9), the potentiation was assumed to be due to blockade of a2-adrenoceptors. This is sup ported by the fact that the potentiating action of phentolamine was also observed in the presence of prazosin. Similar results were reported by Drew (10), who showed that phentolamine enhanced the twitch response to stimulation of single pulse in the rat vas deferens. In the muscular arteries of rabbit and guinea-pig, electrical stimulation of perivascular nerves produces junction potential (e.j.p.) (11, 12) . The e.j.p.s observed in these muscular arteries are not suppressed by a-adrenoceptor antagonists, and phentol amine increases the amplitude of the e.j.p. (13, 14) . In guinea-pig vas deferens, the first phase of the contractile response to motor nerve stimulation is dependent on summation of e.j.p.s to threshold and the firing of action potential producing the initial twitch (7) . Therefore, the potentiating action of phentolamine on contractile responses to low frequency stimulation is not incompatible with the action of phentolamine in the muscular arteries alluded to above. The fact that phentolamine did not inhibit contractile responses to high frequency stimulation suggests that P2-purinoceptors are unaffected by a, -adrenoceptor antagonists. This is supported by the fact that in the guinea-pig vas deferens, the first phase of contractions by train stimulation is resistant to a, adrenoceptor antagonists (6-8). The results with phentolamine provide another evidence that contractile responses to low and high frequency stimulations are mediated by ATP or a structurally related compound.
With respect to contractile responses to low frequency stimulation, 5-MeODMT exerted two different kinds of action: at low concentrations, 5-MeODMT inhibited the contractile response, and at high concen trations, 5-MeODMT potentiated it. In the same preparations, 5-HT at low concen trations inhibited the contractile response to low frequency stimulation and at high con centrations, abolished it (5). Therefore, this inhibitory action of 5-MeODMT is con sidered to be similar to that of 5-HT which inhibits contractile responses to low frequency stimulation. Cyproheptadine potentiated the contractile response to low frequency stimulation (Fig. 4) . As for this cyproheptadine-induced potentiation, both 5-MeODMT and 5-HT at high concentrations inhibited the contractile response. As described above, without cyproheptadine, 5 McODMT at the concentration of 10-5 M potentiated the contractile response to low frequency stimulation about two-fold (Figs.  2 and 3 ). This indicates that at high concen trations, 5-McODMT has two different kinds of action. However, the inhibitory action of 5-MeODMT was less effective as compared with that of 5-HT.
The potentiating action of 5-McODMT was reversed by cr, -adrenoceptor antagonists, prazosin and ketanserin ( Fig. 5A and B) . This raises the possibility that the poten tiating action of 5-MeODMT is due to the release of NA from postganglionic nor adrenergic nerve terminals. This event is similar to the fact that in the presence of prazosin, the second phase of the neurogenic contractile response in the guinea-pig vas deferens is reduced (7) . Since the second phase of the contraction is thought to be triggered by NA (7, 8) , it is conceivable that the potentiating action of 5-MeODMT at high concentrations is due to the release of NA. In the presence of a,-adrenoceptor antagonists, the potentiating action of 5 MeODMT disappeared and the inhibitory action observed at a low concentration was unmasked. This event also indicates that 5 MeODMT at high concentrations has two different kinds of action on contractile responses to low frequency stimulation and that the potentiating action of 5-MeODMT masks the inhibitory action of it. Ketanserin is an antihypertensive drug with a high affinity for 5-HT2 receptors, and its anti hypertensive action has been suggested to be the results of blockade of 5-HT2 receptors (15). However, the ability of ketanserin to block a, -adrenoceptors rather than 5-HT2 receptors has been claimed to be the critical factor in its effectiveness as an antihyper tensive agent in animals (16). Therefore, in the present study, ketanserin was used as an a, -adrenoceptor antagonist.
The results are compatible with the assumption that the potentiating action of 5-MeODMT is due to the release of NA.
An a2-adrenoceptor agonist, clonidine, inhibited the contractile responses to low frequency stimulation, and 5-MeODMT reversed this inhibitory action of clonidine (Fig. 6) . Under the influence of clonidine, if the reverse action of 5-MeODMT is respon sible for the release of NA, it could not appear in the presence of a, -adrenoceptor an tagonists.
The results indicate that this assumption was correct, that is, under the blockade of a, -adrenoceptors, the reverse action of 5-MeODMT did not appear. At high concentrations of 5-MeODMT, the potentiating action and the action which restores the contraction under the influence of clonidine on contractile responses to low frequency stimulation are considered to be of the same nature, because the potentiating action of 5-McODMT was reversed by prazosin and ketanserin (Fig. 5) , and the restoring action of 5-McODMT in the presence of clonidine was also inhibited by prazosin and ketanserin (Fig. 6) . Therefore, it is reasonable to believe that the poten tiating action of 5-McODMT is due to the release of NA from sympathetic nerve terminals.
In the present experiment using the sucrose gap technique, 5-MeODMT had no effect on the smooth muscle membrane. In the electrophysiological study on guinea-pig vas deferens, Sneddon et al. (7) have shown that the second phase caused by NA is independent on membrane depolarization. This finding indicates that the potentiating action of 5-MeODMT on contractile responses to low frequency stimulation is similar to the second phase of contractions caused by train stimulation. Therefore, the idea that the potentiating action of 5 MeODMT is due to the release of NA will be also supported by the results of experi ments using the sucrose gap technique.
5-McODMT at concentrations ranging from 3 x 10-8 to 10-5 M did not affect contractile responses to high frequency stimulation. However, in experiments on the direct action of agonist, exogenous ATP elicited a rapid phasic contraction. Although 5-MeODMT (10-5 M) itself had no effect on the resting tension, it greatly potentiated the ATP-induced contraction (S. Yoshida and T. Kuga, unpublished data). Forzard and Mobarok All (17) described in experiments using the guinea-pig ileum that 5-MeODMT did not cause the tissue to contract. These facts suggest that 5-McODMT does not contract the smooth muscle, but it seems to greatly affect the contraction caused by ATP. To our regret, by means of the methods used in the present study, that is, the parameters of stimulation and the arrangement for stimu lation, we could not manifest the postsy naptic action of 5-MeODMT in neuroeffector transmission of the guinea-pig vas deferens. Disagreement about the action of 5-MeODMT between its effect on contractions elicited by electrical (high frequency) stimulation and its effect on contractions caused by exogenous ATP indicates that there are many problems to be resolved.
In summary, the inhibitory action of 5 MeODMT at low concentrations on con tractile responses to low frequency stimu lation seems to be similar to that of 5-HT which produces a reduction of the trans mitter release at sympathetic nerve terminals. The potentiating action of 5-MeODMT at high concentration on contractile responses to low frequency stimulation is assumed to be due to the release of NA from sympa thetic nerve terminals.
